Astronomy & Astrophysics manuscript no. database 


©ESO 2013 


Febmai-y25, 2013 





A database of charged cosmic rays 

D. Maurin\ F. Melot^ and R. Taillet^ 

' Laboratoire de Physique Subatomique et de Cosmologie (LPSC), Universite Joseph Fourier Grenoble 1/CNRS/IN2P3/INPG, 53 

avenue des Martyrs, 38026 Grenoble, France 
^ Laboratoire d'Annecy-le-Vieux de Physique Theorique (LAPTh), UMR 5108 Universite de Savoie - CNRS, BP 110, 74941, 

Annecy-le-Vieux, France 

Received / Accepted 



o 

(N 
D 

(N 
(N 



ABSTRACT 

Aims. This paper gives a description of a new on-line database dhttp : //Ipse . in2p3 . fr/cosmic-rays-dbf and associated on- 
line tools (data selection, data export, plots, etc.) for charged cosmic -ray measurements. The experimental setups (type, flight dates, 
techniques) from which the data originate are included in the database, along with the references to all relevant publications. 
Methods. The database relies on the MySQL5 engine. The web pages and queries are based on PHP, AJAX and the jquery, 
jquery.cluetip, jquery-ui, and table-sorter third-party libraries. 

Results. In this first release, we restrict ourselves to Galactic cosmic rays with Z < 30 and a kinetic energy per nucleon up to a 
few tens of TeV/n. This corresponds to more than 200 different sub-experiments (i.e., diflrerent experiments, or data from the same 
experiment flying at different times) in as many publications. 

Conclusions. We set up a cosmic-ray database and provide tools to sort and visualise the data. New data can be submitted, providing 
the community with a collaborative tool to archive past and future cosmic-ray measurements. Any help/ideas to further expand and/or 
complement the database is welcome (please contact crdatabase@lpsc.in2p3.frl. 
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^1. Introduction 

2 Since the discovery of cosmic rays (CR) a century ago, instru- 
mental capabilities have steadily improved. A large variety of 
types of experiments (balloon- or satellite-borne, flown on a 
'—'shuttle, installed on the international space station, or ground- 
, based experiments) and techniques have been used (nuclear 
emulsions, drift chambers, Cerenkov counters, spectrometers...) 
to refine our knowledge of the CR composition and spectrum. 

The presence of heavy Z < 3 0|(Freier et al. 194 8a,b), and 
extremely heavy Z > 30 elements (Fowler et al. 1967; Blanford 
•y") et al. 1969) in the cosmic radiation were among the main discov- 
eries related to Galactic CR nuclei, which culminated with the 
discovery of a few Z > 90 events (Fowler et al. 1970; O' Sullivan 
|et al. 1971; Price et al. 1971) Isotopes and in particular the 
T— I radioactive CR clocks were identified, with more or less diffi- 
culties due to their decreasing abundance and mass separation 
with increasing atomic number: "'Be (Webber et al. 1973c), 
^ ^^Cl (Young et al. 1981), ^^Al (Webber 1982), and 



Mn (Web- 

5h |ber et al. 1979) CR leptons were identified in the early 60's, 
^ with the first measurement of electrons|also called negatrons at 
that time| (Earl 1961; Meyer & Vogt 1961) , and of the positron 
fraction (de Shong et al. 1964; Hartm an et al. 1965; Agruiier| 
|et al. 1965; Daniel & Stephens 1965b) Anti-protons are ~ lO""* 
times less abundant than protons and were only observed in the 
late 70's (Bogomolov et al. 1979; Golden et al. 1979) Anti- 
deuterons, which are expected to be yet another factor ~ 10""* 
below (Chardonnet et al. 1997), are still to be detected: the best 
limit is given by the BESS balloon (Fuke et al. 2005) for lim- 
its on anti-helium, see Abe et al. (2012a) , and is still three or- 
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ders of magnitude above what is required to reach the expected 
astrophysical production. This level could be within reach of 
the AMS-02 detector on the International Space Station (Ar-j 
ruda et al. 2008; Choutko & Giovacchini 2008) and/or the GAPS 
balloon-borne experiment (Aramaki et al. 2012) Note that other 
milestones in CR studies are the discovery of the y-ray diffuse 
emissions reported first by Kraushaar et al. (1972) and studied 
by the contemporary Fermi-LAT instrument (Ackerm ann et al^ 
2012b) , and the first evidence of high-energy CRs from ex- 
tensive air showers [(Aug er et al. 1939) currently studied at the 
Pierre Auger Observatory (e.g., Abraham et al. 2010) 

Interestingly, most of the even oldest CR measurements are 
not outdated yet. Indeed, many instruments are designed to focus 
on specific CR species: neither all instruments have the isotopic 
resolution capabilities, nor all species have been measured re- 
peatedly. In the last twenty years, efforts have also been more 
devoted in measuring the CR composition at higher energy than 
refining the low energy data; this situation is currently changing 
with the AMS-02 experiment installed on the International Space 
Station since May 2011. Some old experiments are also useful 
when one wishes to inspect a possible charge-sign dependence 
(22 year cycle) of the Solar modulation effect as a function of 
the Sun polarity, as first proposed by Cle m et al. (1996) |and fur- 
ther studied in (Clem & Evenson 2002) For all these reasons, 
we believe it is worth providing an archival database of CR mea- 
surements to the community. 

CR data are the backbone of Galactic CR propagation studies 
[(e.g., Jones et al. 2001; Maurin et al. 2001; Strong et al. 2007;) 
Evoli et al. 2008) In the last twenty years, anti-protons and 
positron fraction measurements have also become a strong probe 
for dark matter indirect searches (Porter et al. 2011; Lavalle &J 
,SaIati 2012), A database would therefore be useful to any re- 
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searcher in these fields, but also to CR experimentalists who 
wish to compare their data to previously published ones. An- 
other independent eff'ort to provide a CR database was presented 
in Strong & Moskalenko (2009) We present here a contextu- 
alised and more complete version of the datcQ along with many 
user-friendly interfaces and tools to use them. 

The paper is organised as follows: Sect. [2] describes the 
database content; Sect. [3] describes the website and available 
tools. We conclude and comment on possible improvements of 
the database in Sect. |4] Appendix [A] provides the rules used by 
the database to combine CR quantities from a given experiment 
(e.g., to form quantity A/B from A and B fluxes); App.[B]gives a 
summary list of all the experiments/references contained in this 
first release. 

2. Content of the database 

In this section, we first describe the information gathered in the 
database, and the data themselves. We then present how this 
information is organised in a MySQL framework. 

2.1. Definitions 

CR data are connected to experiments, analyses, and publica- 
tions. The first step for creating the database is to define what an 
experiment is. Then, the need to define a sub-experiment arises 
because i) an experiment may consist of several detectors, or 
ii) an instrument may have flown several times, or over distinct 
periods. Data from a sub-experiment often involve several CR 
species, the analyses of which are published in one or several pa- 
pers. For the sake of clarity, the following keywords/definitions 
are used in the database: 

Experiment Name associated with the instrument (CREAM, 
AMS). To identify unnamed balloons, we use the syntax 
Balloon (YYYY), and a further distinction is made if a bal- 
loon was flown several times: a comma-separated list of 
years Balloon (1966,1967) is used if the data were analysed 
and published for each flight; a plus-separated list Balloon 
(1967+1968) is used if the data resulted from the combined 
analysis of the flight^ 

Sub-experiment Sub-detector name or experiment name con- 
catenated with the flight number and data taking period 
(YYYY/MM), with start and stop dates separated by a hyphen 
for durations over a montlf] Balloon (1972/07), CREAM-I 
(2004/12-2005/01), CREAM-II (2005/12-2006/01), Ulysses- 
HET (1990/10-1997/12). 

Cosmic-ray quantity Combination (sum, ratio, etc.) of mea- 
sured CR speciesj It can be an elemental (e.g., C), isotopic 

' The data were gathered independently of the data presented in the 
[Strong & Moskalenko (2009) database. 

^ The naming convention chosen for the experiment and the sub- 
experiment ensures the many unnamed balloons flown before the 90's 
to be uniquely defined. 

^ Some of the start and stop dates for balloon flights are not given 
in the publication and were taken from the StratoCat database 
of stratospheric balloons launched worldwide since 1947 (http:// 
fstratocat. com. ar/globos/indexe. html). For long-lived instru- 
ments, we do not include in the database the excluded time periods 
(within the start and stop dates) based on the analysis quality criteria 
(solar flares, high solar activity, instrument stability. . . ) because they 
are never given in the publication. 

A CR must be a stable species with respect to the confinement time in 
the Galaxy, i.e. with an effective lifetime > kyr (note that the electronic 



(e.g., 'H), or leptonic (e.g., e ) flux, or any ratio of these 
quantities such as B/C, '"Be/Be, e^/(e" -H e^), etc. The key- 
word SubFe is used for the group Z = 21 - 23, but no other 
charge group is defined for now. 

Energy axis Detectors often measure the CR total energy /itot 
or rigidity H - pc/Ze (p is the momentum, Z the charge, c 
the speed of light, and e the electron charge). Data are also 
very often presented as a function of the kinetic energy E\^ - 
Etoi -ni(m is the CR mass) or the kinetic energy per nucleon 
/ik/n = El; /A [A is the atomic number). In the database, we 
allow four representations of the energy unit and axis: [GeV] 
for £,ot, [GV] for -R, [GeV] for £k, and [GeV/n] for £k/n- 

Publication Refereed or non-refereed reference (journal or con- 
ference proceedings) providing CR quantity data from (sub- 
)experiments. A publication is usually attached to a single 
(sub-)experiment and it contains different CR measurements, 
but there are a few exceptions. Over time, some of these 
publications may be superseded by newer analyses: a spe- 
cific entry of the database allows to keep track of deprecated 
analyses and references. 

Data CR quantity measurement and uncertainties at one or sev- 
eral energy bins. Sect. |2.2| gives a complete description of a 
data entry. 

The fact that combinations of CR quantities are themselves 
CR quantities introduce a subtleties in the choice of how to han- 
dle the database. One could be tempted to fill the database with 
all useful combinations of data (e.g., the often used B/C ratio) 
from published quantities (e.g., B and C fluxes). However, the 
number of combinations that can be formed is large (for Z < 30, 
as many elements and about a hundred isotopes can be com- 
bined), and the procedure to combine the errors on the measure- 
ments is not always sound. For these reasons, we decided to 
fill the database with the published quantities only. We leave 
the task of extracting the most complete dataset (for a given CR 
quantity) to the Data Extraction interface (Sect. |3.2[ ), which com- 
bines the data found directly in the database, and those obtained 
by looking for all combinations of data leading to this quantity 
(see Sect. |3.2| and also App. |A] for a discussion of the priority 
rules and criteria to decide how and when to form new quantities 
and evaluate their uncertainties). 

2.2. Data description and units 

The structure of a CR data entry (energy, energy range, measure- 
ment and uncertainties) for any measured quantity is as follows: 

(E) 'Central' energy given in the publication (unit is [GeV] if 
the energy axis is Eiot or [GV] for K, and [GeV/n] for 
Ek/n)- If only the bin range (see below) is given in the publi- 
cation, the geometric mean {E} = V^min^max is used. 

Bin range Energy range (same unit as (£)). If only {E} is given 
in the publication, E,^i„ = fimax = {E}. 

Value Measured CR quantity in unit of [((£) m^ s sr)"'] if this 
is a flux, or unit-less if this is a ratio. The data coiTespond to 
top-of-atmosphere (TOA) quantities, i.e. modulated by the 
Sun's activity. 

Stat Err Statistical error (same unit as Value). 

Syst Err Systematic error (same unit as Value); set to if not 
given in publication. 



capture decay mode is suppressed because CR nuclei are fully stripped 
of above - 0.1 GeV/n). 
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■OflTE: year(4| 
-VALID: Intdl 
-I[)_V^LIDATION: 



subexp 



,ID: int(n) 
-EXPERIHENT ID: Int] 
-NAME: i/arcliar[255| 
-DESCRIPTIDN: text 
■ FLIQHT_[)ETAIL: text 
rDISTflUCE: tloat 
rOATE: varciiar[Z55| 
rSMALL PHI: lnt( 13) 
hVALID: int(l) = B 
HlD_VflLIDiATION: lnt[ 



5ubexp_publi 



.10: ini(ll) 
.SJBEXP_ID: Ir 
.FJBLI_ID: ln1 
.ELEMENTS: te> 



Id: Iritdl) 
SUBEXP FJBLI 10: j 
NUM IO: Intdll 
DEN IO: intdll 
-»E_AXr&: eriraCEKN' 
E MEAM: float 
E_BIPJ_L: float 
E_BIPj_J: float 
VBLUE: float 
l/BLUE_EFmSY5T_L: t 
VflLUEERRSYSTJ: t 
-tVftLUEERRSTATL: 1 
^VftLUEERRSTATJ: 1 
VALIO: Intll) = a 
lO VALIDATIBM: Inl 



■lastname: varchar (255J 
email: varctiarl255| 
institute: vartriar(255| 
validation: int(l) 



id: 



,tl4) 



narl255J 
+lastnaiie_user: varcnar(2551 
-taiail_user: varcnarIZ55| 
+in5titute_user: varcliar(255J 
^subiiission_date : timestaiip 
<£(i +id user valid: lnt(3) 

■valldatlon_date : ti^estajip 
■typo: enu^I'axp', 'tubexp', 'publl' 
palp: varcpar(255) 



r(255) 
ir[2551 



^^fmi: 

tYEAR: year(4) 
.SJPERSEDEO aY: int] 11 
hBIBTEX: toxt 

hVAIIO: iptiii - a 
+10 WLIBATloa: intct) 



Fig. 1. Tables and keys of the database MySQL structure (see text for 
details). 



0FF [MV] Solar modulation parameteipl in the force-field (FF) 
approximation (Gleeson & Axford 1968; Gleeson & Urchj 
[1973) as given in the publication (or from Solar modulation 
dedicated analyses, e.g., Usoskin et al. (2002, 2005, 201 l)p . 

In the database, these values must be filled for each data point 
from the published data. Whenever available, we used the values 
given in the publication tables. However, most publications pro- 
vide none, and the data had to be retrieved from the plots (using 
the DataThief III softwar^. 

2.3. Database structure description 

The database engine is MySQLS, hosted at the Laboratoire de 
Physique and Cosmologie (LPSC) on a backed up server. The 
structure and keys are shown in Fig.[T](keys in exp, subexp, and 
publi were discussed in Sect. |2.1| those in data in Sect. |2.2| i. 
Each entry in a table is associated with a unique identifier These 
identifiers are used to link elements from one table to another 
(for example, several sub-experiments can be linked to a single 
experiment). For completeness, all the tables of Fig.[T]are briefly 
described below: 

exp Name, type, web site (if available), and flight date. 

subexp Link to the experiment it belongs to, name, description 
of the apparatus, flight details (launch place and the number 
of flights for balloons), flight dates, distance to the Sun [AU], 
and Solar modulation level [MV]. 

publi Bibliographic reference, web link, publication year, 
BiBTrfdj entry (taken from the Astrophysics Data System 
AD9^, and link to other publications (if more recent anal- 
yses exist). 

subexp_publi Bridge table linking entries from publi to one or 

several entries of subexp. 
element Name, mass, atomic number, charge, etc. for CR 

quantities (isotopes, elements, p, e', and e^). 



' The Solar modulation parameter is not a direct product of an experi- 
ment analysis, the flight period of the instrument is. This parameter is a 
useful ingredient for GCR studies, and is generally estimated from the 
measured TOA fluxes and an assumption about the interstellar flux. 
' http://datathief.org 
' http://www.bibtex.org 
^ |http : //cdsads . u- str asbg . f r| 



data Type (flux or ratio of element), energy axis, energy, bin 

range, value, statistic and systematic errors, 
user Contact details of administrators (persons authorised to 

change and validate submitted data), 
validation Contact details of persons submitting new data (see 

Sect. |3.3| for the New Data interface), validation date, and 

identity of the person (user) who validated the data . 



3. Website, interfaces, and example plots 



The CR database website "http : //Ipse . in2p3 . fr/| 
|cosmic-rays-db| is hosted by the LPSC laboratory web- 
site, and is based on a LAMP solutioif] Authentication uses 
the https protocol to ensure a good level of confidentiality 
(only administrators own credentials to access protected ar- 
eas). All web pages are written using the PHP (Hypertext 
Preprocessor) language, with a global structure made in AJAX 
(Asynchronous JavaScript and XML). The third-party libraries 
jquery, jquery-ui, jquery.cluetip, and table-sorter are also used. 

The website is based on tabs, in which the user is guided by 
HELP boxes (identified by question mark icons). We give below 
a brief description of the implemented tabs: 

Welcome Quick description and organisation of the database, 
log of the latest changes, and link to download the database 
content formatted for the USIN^^propagation code. 

Experements/Data List of available data sorted by experiment 
names or dates. A list of experiment acronyms is given. 

Data extraction Main interface to retrieve data in ASCII files, 
macros and plots, and BibTjjX references for the 

selection. 

Admin Shown for authenticated users only: internal checks of 
the database content, validation of submitted data. 

Links Standard useful (here GCR-related) web links. 

New Data Interface to submit new data which will appear in the 
database after validation by authorised users. 

As underlined previously, native data (i.e. data directly 
from publications) are listed and accessed from Experiments/Data 
(Sect. |3.1| l. In the Data extraction tab (Sect. |3.2| l, native data and 
matching combinations of native data are combined to provide 
the most complete list of data found for user-selected quanti- 
ties/criteria. Adding new data is possible from the New data tab 
(Sect.|33]l. 



3.1. Data access from Experiments/Data tab 

Figure[2]shows a snapshot of the Experiments/Data tab (and some 
enabled actions within this tab). The list of published data is or- 
dered by experiment name or date. For each experiment, the list 
of sub-experiments is shown and sorted by start tim^^ The pub- 
lication references related to this sub-experiment are then listed 
along with the quantities measured (older analyses/publications 
of the same data are indicated). The most useful actions/pop-up 
informations available for the user are: 



' The acronym LAMP refers to a stack of free open source softwares: 
Linux operating system, Apache HTTP server, IVIySQL database soft- 
ware, and PHP. 

http://lpsc.in2p3.fr/usine 

u 

12 



http : //root . cern . cl?" 

We refer the reader to Sect. |2.l| for the definition of what is meant by 
experiment, sub-experiment, publication, etc., and to Sect. |2.3| for the 
structure of the data in the IVIySQL frame. 
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Experiments/Data j Data QittractiQn | Links | New data 

[sort by name] [sort by date] 



[aataj [bvenson er ai., J. 

Balloon (1969+1970) 

« Balloon (1969/04+1970/11) 
[data] [Silverberg et al., . 

Balloon (19S9+1973) 

« Balloon (1969/09+1973/05) 
[data] [Meegan & Earl. 



Jilahle data (sorted by dat 



' by exper 



Experiment-name (type, start-year) [i* &l>sil'?-liRl..] 

- Sub-Expl (stait-stop) - detail 

[ ][ ■■ '■■ '.iList-of-measured-quantitie 

- Sub -Exp 2 



sub-det 
top] dat 



ir, or the s 

.s VYVY/MM 



t flown at different da 



Instrument descripti 



Balloon (1970) 

• Balloon (1970/05+1970/09) - 3 flights Palestine (Te^as) < 

[data] [Muller & Meyer. ApJ 186, 841 (1973)] e >e* j-erenkcn, countsr, 

• aalloon (1970/06) - 1 flight Fort Churchill (Canada) Q, ^J'lJ"'"""'"" ^^""^ 

]data] ]Bjarle et al., Zeit Phys. A 291, 383 (1979)] "a^, 

Balloon (1971) 



Fig. 2. Snapshot of the Experiments/Data tab content (Sect. [3T| . The 
HELP box is activated cHcking on the question mark icon, and a picture 
of the instrumental setup (not shown) pops-up when clicking on the 
magnifying glass icon. The Instrument description box appears for a 
mouse-over action on the sub-experiment name. A click on [cJala] pops- 
up a new window with the data entries and a summary of all the (sub- 
)experiment/publication informations (not shown). 



- experiment description (name, type, official web j 

- sub-experiment description (name, data period^*^ instru- 
ment description [mouse-over name], experimental setup 
picture [magnifying glass icon]); 

- data for each publication (from a sub-experiment). A click 
on [data] (see Fig. [2]) pops-up a window (not shown in the 
examples): its upper half summarises all the information on 
the sub-experiment (contained in the database) and gives the 
ADS link of the reference; the lower half shows the data (see 
Sect. |2.2| for their format): ratios are sorted first and fluxes 
second (one can jump directly to the data of interest clicking 
on one of the Quantities suggested in the upper half panel). 

By default, CR data for nuclei and anti-nuclei are given as 
a function of kinetic energy per nucleon, whereas leptons are 
given as a function of the kinetic energy. Whenever the energy 
axis is rigidity, the flag [Rigidity] is added after the data. 



3.2. Selection and tools from Data extraction tab 

Figure [3] shows a snapshot of the selection interface within the 
tab. A mandatory step is the quantity selection (Flux or ratio se- 
lection), for which a few predefined choices are proposed. For a 
ratio, both the numerator and denominator selection boxes must 
be filled (auto completion is enabled). The other optional selec- 
tion criteria (Refine search criteria) are: 

- Energy axis: to be selected among EKN, EK, R or Etof^ 

" Full details of the flight dates are given clicking on [ijata]. The start 
and stop time format is YYYY/MM/DD-hh:mm:ss. A new line is used for 
each flight. 

As already said, most data are published in EKN for nuclei and anti- 
nuclei, and EK for leptons (very few data are published on several en- 
ergy axes). No conversion is proposed from one energy axis to another 
because this operation is impossible for most combination of CR quan- 
tities (for instance, elements contain several isotopes of different A, Z, 
and m that do not translate in a unique value on a new energy axis). 



-Flux or ratfo selection- 



-Refine search criteria 



Energy axis: | EKN (kinetic energy per nucleon) ;| 

Flux reseating (Flux * «E'^); ' 

Energy range; from I |GeV/nto| |GeV/n 

Experiments; ' J ^ 

Time interval; from | | (YYYY/MM) to | (mY/MM) 

Show also data from combinatfons; □ 



I Extract selection 



Fig. 3. Snapshot of the Data extraction tab interface. In the upper panel, 
a CR quantity is chosen by means of selection boxes (auto completion 
enabled). In the lower panel, more search criteria are possible (energy 
range, list of experiments or sub-experiments, time period, etc.). A tick 
box allows to add in the search the data points obtained from combina- 
tions of 'native' data (see App. [Af. Clicking on the Extract selection 
box pops up the results, as shown in the example Fig.|4] 



- Flux rescaling: multiplies the flux values and errors by {E}" 
(useful for presentation purpose); 

- Energy range: restricts the energy range allowed; 

- (Sub-) Experiment names: list of comma-separated names 
(partial names allowed, e.g., CREAM,BESS); 

- Time interval: selects only experiments falling into the se- 
lected period (format is YYYY/MM). 

- Show also data from combinations: tick box to add in the 
search the data points obtained from combinations of 'native' 
data (see App.[A|. 

Hitting the Extract Selection button pops-up a new window 
with the data extracted from the user selection. This is shown 
in Fig. [4] organised in three panels (click on [hide]/[show] to 
collapse/expand each panel): 

1. Plots and exports for the selection: Get ROOT 
Macro, Data Files, Plot, and USINE File buttons re- 
turn i) a ROOT executable C++ file database_plot.C 
to re-generate and/or modify the ploj^ ii) a tar-ball 
database_plot . tar . gz of ASCII files containing the data 
(one file per sub-experiment); iii) a high-resolution image 
database_plot.png of the plot; iv) a USINE-compliant 
file database_plot .USINE (i.e. that can be used as an in- 
put of the USINE propagation code). 

2. List of experiments found for the selection: summary of the 
data sorted by (sub-)experiment (name, publication, number 
of data, etc.). The Get Bibtex and Latex cite buttons pro- 
vide respectively a BibTj^C file (bibtex. bib) to be included in 
the references, and the text to cite this selection i n the 
documenj^ As for the Experiments/Data tab (Sect. 3J_ I, links 
to the experiment website and the ADS publication are pro- 
vided. 



Based on the ROOT library "http : // root . cern . ch' To execute, 
type root database_plot . C (the data are hard-coded). The errors 
displayed correspond to the quadratic sum of statistical and systematic 
uncertainties. 

These files are useful to quickly prepare scientific manuscripts based 
on KTbX and BibTeX. App. |B] and the references of this paper were 
prepared with the full list of references retrieved from the Get Bibtex 
and Latex cite buttons in the Welcome tab. 
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-Plot a Export - 




[ GetRtMTMam) J - [ Get Data Files | - [ GetUsineFlte | - [ GetPUit j 



-List of experiments found for B/C selection - 



Experiment name {dat«) 

ACE-CRIS (1997/06-1998/041 [WEB] 

MZ-CRIS<l^^B/01-1999/01l''^ [WEB] 

MZ-CRIS (20O1/O5-200'3/O9l''-ii. [WEB] 

AWS01 (ig9fl/M)'--V [WEB] 

/OIOOI 13003/01 ) ^ [WEB] 



I Get Latex ctte J | GetBflitra J 

ff data Modjlation flefererKe 

12 (|)=325MV &eoreeecal.,ApJfi9B, 1^66 (2009} 
fi t-iSOMV DeMoLfoetfll.,A£fSB33, 1553 12006} 
12 [t)=90flMV ■&eor?eecal..ApJfi98, 1666 (20091 
10 [|i=tOOMV AiJiLarecaL, ApJ724, 323 (2010} 
5 4i=1imMV Hariovetal.. ICSCZ, 3 (2003} 





♦ 




* 

m 


ACE-cres (IOe7A« ISSSW) 




Z301Z70e-l 


325 




oass 


232HI0B-I 


323 



Fig. 4. Snapshot of the result of the Data extraction operation. This 
pop-up window appears after the selection step shown in Fig.|3]is com- 
pleted. Buttons, links, and tables give access to raw data and plots, see 
text for details. 



3. Data for the selection: data in a table (see Sect. |2.2| for the 
content description) sorted by experiment name or energy. 
An asterisk denotes the data obtained by combinations of na- 
tive data of the database (see App.jA]). 

We remind that, with the default search criteria (i.e., none), 
all analyses of a CR quantity by the same instrument show up in 
the result as long as they correspond to different data taking (or 
analysed) periods (i.e., different sub-experiments). Most of the 
time, these data are independent, but in a few cases, the analysed 
periods overlap. It happens, for instance, for the Voyager data 
(launched in 1977 and still taking data). In that case, it is up to 
the user to decide which data sets are relevant for her/his analy- 
sis, and exclude it using the (Sub-)Experiment names or Time 
interval selection box (see Fig.[3]l. 

3.3. New data from the Add Data tab 

This tab allows anyone to interactively enter new data. This is an 
essential part of the database as it provides the community with 
the possibility to contribute to the completion of the database 
(either by adding data from new instruments, or adding missing 
data from older experiments). 

Submitting new data consists in two parts: as shown in Fig.|5] 
(top panel), the first part concerns the submitter identification 
(contact details). The second part (same figure, middle and bot- 
tom panel) is data submission. Four steps must be passed in 
order For the first three steps (experiment, sub-experiment, pub- 
lication), the submitter is left with the choice of selecting her/his 
entry among those already in the database, or to add a new entry 



Adding new data to the CR database 

1 . Tell us who you are '; 

2. Fill and submit data (and instrument-related infos); 

3. The data become available after internal validation 
(a few days later at most). 



-Step 1: contact details 

First name: I 
Last name: 
Email address: 
Institute: I 



1) Experiment 

I insert new or select among 

1.^ 



|-2) Sub-experiment 

Experiment must fir^ be filled! 



3) Publication 

Sub-experiment must first be filLedE 



-4) Data 

Publication must fir^t be filled! 



-4) Data 

For the selected publication, the data enabled for upload are the following: ELECTROh+POSlTRON 
Energy axis: EKh (kinetic energy per nucleon) In GeV/n : | M 



Download template data file ^* 
Upload data file: 

[ Graphical check before submission 1 



[ Browse... I ^ 



Fig. 5. Snapshots of the user interfaces in the Add data tab. The first 
stage for adding new data is the submitter identification (upper panel). 
The ordered 4-steps submission process comes next (middle panel). The 
user has to either select among existing entries, or insert a new one (this 
pops-up a window with fields to fill), except for the fourth step that 
concerns the CR data. The latter must be filled one CR quantity at a 
time (and must belong to the list of quantities declared at the publica- 
tion step): the bottom panel shows the state of the panel once this step 
is reached, with the energy axis to select, the data file to upload, and 
the Graphical check before submission. Note that at all steps, HELP 
buttons exist for most of the fields to fiU. 



(Insert new button): the latter action pops-up a new window in 
which the submitter is guided|//£LP boxes are provided for each 
item|to fill the necessary informations, which match the keys of 
the database structure described in Sect. |2.3| (see also Fig. TJ. 
Each time a new entry is submitted, the submitted element be- 
comes available for further submissions, though it does not ap- 
pear yet in the database (i.e., in Experiments/Data and Extract data 
tabs). 

Once the three previous steps are completed, the last action 
is the submission of the CR data (see bottom panel of Fig. |5] 
A template file for the required format (and units) of the data is 
provided (see Sect. \2.2\ . Only one CR quantity at a time (with 
as many energy bins as desired) can be submitted. Before the 
final submission of the data, the Data graphical check button 
pops-up a summary of the uploaded file, along with a plot of 
the submitted data for a last visual inspection. At this stage, 
the submission process can still be cancelled if any mistake is 
spotted. 

For each submitted entry (experiment, sub-experiment, pub- 
lication, data), an email is sent to the administrators of the 
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database conten{3 Validation tools from the Admin tab are then 
used (format check, completeness, etc.) to authorise the addition 
in the database (pending validation, the data are inserted in the 
database with a 'not validated' flag, and do not appear on the 
web site). 

4. Conclusions and future improvements 



We have developed a database of charged CRs (|http://lpsc.| 
[in2p3.fr/cosmic-rays-db) that includes e", , p, and nu- 
clides data up to Z = 30 for energies below a few TeV/n. Each 
CR data is linked to a description of the instrument that measured 
it (flight dates, picture of the experiment setup, techniques used, 
etc.) and to the ADS reference in which it was published: this 
first release contains more than 200 experiments and 200 publi- 
cations. The data can be extracted according to a selection on the 
CR quantity, the energy range, the experiments and the epoch of 
measurement: ASCII files, ROOT macros, plots, and BibTeX for 
the corresponding publications are then readily available. 

The possibility to add new data by means of a user-friendly 
interface enables the database to be a collaborative tool for the 
CR community, provided enough people take an interest, use it, 
and help expand it. New data will be added as new results be- 
come available (we encourage experimentalists to submit their 
data once they become public). The database could also be ex- 
tended to a larger energy domain (data from ground-based de- 
tectors > TeV/n data) or to heavier species (Z > 30). Time se- 
ries, e.g., low-energy proton, helium and electron data with a 
monthly or finer time resolution from long-lived high-precision 
instruments (e.g., AMS-02) could also be very interesting inputs 
for Solar modulation studies. 

We welcome any help to further develop the database. Com- 
ments, questions, suggestions, and correction^ can be ad- 
dressed to crdatabase@lpsc.in2p3.fr 
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of this database. We thank A. Putze for useful comments on the paper. This 
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Appendix A: Forming new combination of data 
from 'native' data in the database 

CR experiments provide measurements over several energy bins. 
The elementary brick of information in GCR physics is the iso- 
topic flux. However, isotopic identification is rarely achieved 
even in contemporary experiments, and published results are of- 
ten ratios of elements (e.g., B/C) and elemental fluxes (e.g., B, 
C). 

Flux measurements suffer from many systematics (energy- 
dependent acceptance, dead time, rigidity cut-off in the Geomag- 
netic field, etc.) that mostly factor out from the ratio of species 
close in charge. As a result, uncertainties of published ratios 
are smaller than if calculated by quadratically combining the er- 
rors on the fluxes. Obviously, published ratios should always 
be preferred if provided in the publication. But as underlined in 



" For now, the only authorised persons are the developers of the 
database. Any person wishing to get involved in further developments 
of the database is welcome to contact us. 

'** Despite our best efforts, many data published in CR conferences 
(e.g., ICRC) are probably missing, and many typos and errors proba- 
bly remain to be corrected. 



Sect. |2.1| only the most-used ratios are generally published (e.g., 
B/C). 

In this Appendix, we detail how 'native' data are searched for 
and combined to lead to the user-selected quantity (App. |A.l| l, 
be it for fluxes or ratios. We then discuss the necessary rules 
to calculate the uncertainties from the 'native' data uncertainties 
(App. [Ar2| . Note that data can only be combined if coming from 
the same sub-experiment (otherwise, they would coiTespond to 
different Solar modulation periods and suffer from different sys- 
tematics). Obviously, the benefit of adding extra data (for a CR 
quantity) to a CR analysis must also always be weighted against 
using only the 'native' and more accurate data found in the same 
energy range. A check box in the selection interface (shown in 
Fig.[3]l enables or disables the search for these data. We did not 
systematically check how many extra data points are obtained in 
this way, but the algorithm finds some. These data are singled 
out by an asterisk in the result panel (shown in Fig.|4]i. 

Appendix A. 1 : Priority rules to form new quantities 

The database extraction tool (Extract data tab) is designed to 
return the most complete set of data for a given CR quantity 
gsearched jj. jjgg^jg ^ Qf yules to bfowsc through the database 
content and retrieve the queried quantity. The search is priori- 
tised as follows (we use the superscript native to indicate quan- 
tity in the database): 

1. look directly for the queried quantity 

2. if g is a flux, search for aU / for which the pair (g/2i)"''"'^^ 
(g.-jnative gj^^j^j ^j^g j^j^ obtained are 2'°"''° = 

u,{(e/e,r^'™7(G/r'"i; 

3. if CR quantity is a ratio Q - 2nura/2denom, search for 



_ Qcombo 




_ qcombo 




_ qcombo 





native 
num 

{(fin 
{(fin 



//^native . 
' *'denom' 



JQir'"V(QdenoJQir'"'\; 

JQIT-^^' X (e,/ede„om)"^'™} 



To be complete, more complex combinations should be imple- 
mented (addition and subtraction of isotopic fraction of an ele- 
ment, addition of group of charges, etc.). These combinations 
require a more complex query that remains to be implemented 
(it is under development). 

Another subtlety is that valid combinations are restricted to 



data points of similar energy ranges. As underlined in Sect. 2.2 
sometimes only the 'central' energy bin of the data point is avail- 
able. Moreover, values extracted from published plots (using 
DataThief) cannot match exactly one another. For these reasons, 
we relax the constraint of a perfect energy match, and use in- 
stead: 

- data point has only a 'central' value: we demand this value 
to be i) within the energy range, or ii) within 20% of the 
'central' value of the data point it is combined to; 

- data point has an energy range: we demand an overlap of 
the energy ranges of the data points to be combined. 



Appendix A.2: Rules to calculate uncertainties 

For all experiments, the default rule is that relative errors are 
quadratically summed whenever combinations of CR data are 
formed. In this first release, the only exception concerns HEAO- 
3 data (Engelmann et al. 1990) where the authors provide tables 
for the oxygen flux and for the relative fluxes (to O). The rules to 
calculate uncertainties, depends on the charge proximity of the 
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combined elements. The original text, spread over the original 
publication, is reproduced below: 

- "In Table 5 [...] the standard error is given with each flux value. This 

error includes the statistical error and, in the case of the last two 
energy channels, the systematic error. " 

- "The spectrum of any element between Z=4 and Z=28 can be ob- 

tained by multiplying the oxygen flux values of Table 5 by the corre- 
sponding abundance ratios given in Table 2. The relative errors on 
these two numbers shall be quadratically summed to get the error 
on the flux derived by this way. " 

- "For widely different charges Zi and Zi, a reasonable estimate of the 

error on the abundance ratio is the quadratic sum of the errors on 
both type of nuclei Z\ and Z2 (for example the total error on Fe/0 
ratio is ~ 5.2% ). For nearly adjacent charges, an upper limit of the 
systematic error is given by the difference between the systematic 
errors on each element (for example, the error on B/C is ~ 0.4% ). " 



Appendix B: List of experiments and publications 

We provide below a sorted list of experiments (unnamed bal- 
loons appear first), sub-experiments, and associated publications 
present in the database first releasa^ 



- Balloon (1963/04): Daniel & Stephens (1965a)| 

- Balloon (1964,1965,1966) 

- Balloon (1964/07): L'Heureux (1967)> 

- Balloon (1965/06+1965/07): L'Heureux (1967) 



- Balloon (1966/06): L'Heureux & Meyer (1968) 
Balloon (1965/07+1 965/08+ 1 966/06): |Hartmm~( 
IRnselow (1968) 
Balloon (1965,1966,1967,1968) 



967); Fanselow et al. (1969)11 



- Balloon (1965/07): Bleeker et al. (1965) 

- Balloon (1966/08): Bleeker et al. (1970) 

- Balloon (1967/08): Bleeker et al. (1970) 

- Balloon (1968/07): Bleeker et al. (1970? 

- Balloon (1965,1966,1968,1969,1971 + 1972) 

- Balloon (1965/07): Webber et al. (1973a) 

- Balloon (1965/07+1966/07): Beedle & Webber (1968); Webber & Chotkowski| 
|(p67) 

- Balloon (1966/07): Webber et al. (1973a) 

- Balloon (1968/07): Webber et al. (1973a) 

- Balloon (1969/07): Webber et al. (1973a)| 

- Balloon (1971/07+1972/07): Webber et al. (1973a)| 

- Balloon (1966/03): An and et al. (1968). 

- Balloon (1966/09): Da njo et al. (1968)] ' 

- Balloon (1966,1967) 

- Balloon (1966/07): Earl et al. (1972)1 

- Balloon (1966/09): Earl et al. (1972) 

- Balloon (1967/07): Earl et al. (1972) 

- Balloon (1967/06+1967/07): Israel & Vogt (1968J 

- Balloon (1967/07): Agrinieretal. (1969) 

- Balloon (1967/1 1 + 1968/06): Fanselow et al. (1971)| 

- Balloon (1968/05): Anand etal. (1973) 

- Balloon (1968/06): Scheepmaker & Tanaka JTgTT)] 

- Balloon (1968/07): Beuermann etal. (1969)'' 

- Balloon (1968+1969. .. 1999+2001): Nishimura et al . (1980, 1985); Kobayashi] 
(1999); Nishimura et al. (2001); Kobayashi et al. (2012) 

- Balloon (1968-1975,1977,1979,1982,1984, 1987,1990,1992,1994) 

- Balloon (1968/06+1968/07): Fulks (1975); Hovestadt et al. (1971); Schniidt| 
(1972) 

- Balloon (1969/06+1969/07): Fulks (1975); Hovestadt et al. (1971); Schmidtl 
(1972) 

- Balloon (1970/06+1970/07): |Fulks (1975); Hovestadt et al. (1971); Schmidt| 
(1972) 

- Balloon (1971/06+1971/07): Fulks ('i975);^Hovesta dt et al. (1971)| 

- Balloon (1972/07): Fulks (1975); Hovestadt et al. (1971)1 

- Balloon (1973/07): Caldwell etal. (1975) 

- Balloon (1974/07): Caldwell et al. (1977) 

- Balloon (1975/07): Caldwell et al. (1977) 

- Balloon (1977/07): Evenson et al. (1979) 

- Balloon (1979/08): Evenson & Meyer (1984)] 

- Balloon (1982/08): Evenson & Meyer (1984)1 

- Balloon (1982/10): Garcia-Munoz et al. (1986)] 

- Balloon (1984/09): Garcia-Munoz et al. (1986) 

- Balloon (1987/08): Evenson et al. (1995) 

- Balloon (1990/08): Evenson et al. (1995) . 

- Balloon (1992/08): Evenson et al. (1995)| 

" The list and bibtex references were obtained from the Get all bibtex 
entries and Latex cite hnks in the Welcome tab. 



- Balloon (1 994/08): |Evenson et al. (1995)1 
Balloon (1969/04+1970/1 l):ISllverberg et al. (1973)1 
Balloon (1969/09+1973/05): Meegan & Earl (1975) 
Balloon (1970/05+1970/09): MuUer & Me yer (1973). 
Balloon (1970/06): Bjarle et al. (1979)1 
Balloon (1971/05): Apparao (1973) 
Balloon (1971/09+1972/10): JuliussonTT974)] 
Balloon (1971,1972) 



Balloon (1971/07): Webber et al. (1973a)j 

hl972/07): Webber ei "^ (1973a)| 



- Balloon (1971/07+ 

- Balloon (1972/07): Webber et al. (1973a)r 

Balloon (1972/07): Webber & Schofield (1975); W ebber etal (1987)| 
Balloon (1972/07): Daugherty et al. (1975) 

Balloon (1972/10): Freier et al. (1977); Orth et al. ( 1978)| 
Balloon (1972/11 + 1973/05): Buffington et al. (197 4, 1975)| 

Balloon (1973/06): Ishii et al. (1973) 

Balloon (1973/08): Fis her et al. (1976); Hagen et al. (1977); Leech & Ogallagherj 

(1978) 

Balloon (1973/09+1974/05): Dwyer (1978) 

Balloon (1973/09+1974/05+1975/09+1975/10):|Dwyer & Meyer (1987)| 

Balloon (1974/07+1974/08): Hartman & Pellerinll976) 

Balloon (1974/07+1974/08+1976/09): Lezniak & Webber (1978)] 

Balloon (1975/09+1975/10): Minagawa (1981 ) 

Balloon (1975/10): Prince (1979); Hartmann eTal. (1977)| 

Balloon (1975/12): Bogomolov et al. (1979) 

Balloon (1976/05): Golden et al. (1984. 1987) 

Balloon (1976/10): Simon etal. (1980) 

Balloon (1977/05): Buffington et al. (1978) 

Balloon (1977/07): Webber & Yushak (1983) 

Balloon (1977/09): Webber & K ish (1979); Webber (1982)| 
Balloon (1980/10): Tang (1984)L 
Balloon (1981/04): Jordan (19^ _ 
Balloon (1981/09): Webber et al. (r985a,b)''' 
Balloon (1984/04): Mueller & Tang (1987) 

Balloon (1987/05+1988/05+1989/05+1991/ 05):|Ichimura et al. (1993)1 

Balloon (1989/05+1991/05): Kamioka et al. (1997)| 

Balloon (1989/09): Hatano et al. (1995) 

Balloon (1990/07): Bogomolov et al. (1995)] 

Balloon (1991/09): Buckley et al. (1994) 

ACE 

- ACE-CRIS (1997/08-1998/04):|George et a l. (2009)| 

- ACE-CRIS (1997/08-1998/12): Wiedenbeck et al. (1999)1 

- ACE-CRIS (1997/08-1999/07): Yanasak et al. (2001) 

- ACE-CRIS (1998/01-1999/01): de Nolfo et al. (2006)^ 

- ACE-CRIS (2001/05-2003/09): George et al. (2009)J 

- ACE-SIS (1997/08-1999/07): Yan as ak etal. (2001); 
ALICE 

- AESOP94 (1 994/08): I Ciem et al. (1 996)J 

- AESOP97+98 (1997/09+1998/08): Clemet a l (2000)] 



- AESOP99 (1999/08): Clem & Evenson (2002) 

- AESOPOO (2000/08): Clem & Evenson (2002) 

- AESOP02 (2002/08): Clem & Evenson (2004) 

- AESOP06 (2006/08): Clem & Evenson (2009) 
ALICE 

- ALICE (1987/08): [Hesse et al. (I996)| 

- ALICE (1987/08+1987/08): |Esposito etal. (1992)1 
AMS-01 

- AMSOl (1998/06) 



Alcaraz et al. (2000a); AMS Collab oration et al. 
2002); Xiong et al. (2003); Aguilar et al. (2010, 201 1) 



(2000,1 



AMSOl-BremsstrahlungPhoton s (1998/06): AMS-01 Colla boration et al. (2007) 
AMSOl-singleTrack (1998/06): |Alcaraz et al. (2000b); AM S CoUaboration et al. 

(2002) 



ATIC 



BESS 



ATIC01&02 (200I /01+2003/01):|Chang et al. (2008)| 
ATIC02 (2003/01): |Panov et al. (Mi, IW)] 



BESS93 (1993/07):"Moiseev et al. (19 97); Wang et al. (2002)] 
BESS94 (1994/07): Myers et al. (2003 )| 

BESS95 (1995/07): Matsunaga et al. (1998); Myers et al. (2003)| 

BESS97 (1997/07): Orito et al. (2000); Myers et al. (2003); Shikaze et al. (2007) 
BESS98 (1998/07): Sanuki et al. (2000); Maeno et al. (2001); M yers et al. (2003)1 
Shikaze et al. (2007) 



BESS99 (1999/08): Asaoka et al. (2002); Shikaze et al. (2007) 



- BESSOO (2000/08): Asaoka et al. (2002)7Shikaze et ar(20 07)l 

- BESS-TeV (2002/08): Haino et al. (2004, 2005); Shikaze et al. (2007)| 

- BESS-Polarl (2004/12): BESS C ollaboration et al. (2008)( 

- BESS-Polarll (2007/12-2008/01): |Abe etal. (2012b)| 
BETS 

- BETS97&98 (1997/06+1998/05): Tori i et al. (200T)1 

- BETS04 (2004/01): Yoshida et al. (2008)1 
CAPRICE 

- CAPRICE94 (1994/08): Boezi o et al. (1997, 1 999, 2000) 

- CAP RICE98 (1998/05): |Boezio et al. (200Ia ,b); Mocchiu tri & Wizard/Capnce] 
Colla boration (2003); Boezio et al. (2003); Pap ini et al. (2004)] 

CREAM 

- CREAM-I (2004/12-2005/01): Ahn et al.T2008); Yo on et ah (201 1)| 

- CREAM-II (2005/12-2006/01): Ahn et al. (2009, 20 

CRISIS (1977/05): Freier et al. (1980); Young et al. (1981)T_ 

CRN-Spacelab2 (1985/07-1985/08): Swordy et al. (1990) ; Mueller et al. (1991)] 
CRRES (1990/07-1992/10): Duvemois et al. (1996a), 
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Fermi 

- Fermi-LAT (2008/06-20 1 1/04): Ackermann et al. (2012a)| 

- Fermi-LAT (2008/06-2009/06): Ackermann' et al. (2010)| 

H.E.S.S. (2004/10-2007/08): Aharonian et al. ( 2008, 2009)| 

HEA03-C2 (1979/10-1980/0^ (PeiTana6 et al'. (1988); Hngelmann et al. (1990?] 
HEAT 

- HEAT94 (1994/05): Barwick et al. (1995, 1997, 1998) 

- HEAT95 (1995/08): Barwick et al. (1997); DuVernois et al . (2001)| 

- HEAT94&95 (1994/05+1995/08): Barwick et al. (1997); DuVernois et al. (2001)| 

- HEAT-pbar (2000/06): Beach et al. (2001); Beatty et al. (2004)| 

HEIST (1988/08): Gibner et al. (1992) 

1MAX92 (1992/07): Mitchell et al! (Tg96)TReimer et al. (1998); Menn et al. (2000);| 
de Nolfo et al. (2000) 

IMP 

- IMPl (1963/1 l-1964/05): |Cline et al. ( 1964)] 

- 1MP3 (1965/06-1965/12): Hsiehetal. (1971)J 

- 1MP3 (1965/07-1966/03): Fan et al. (1968) 

- 1MP4 (1967/06-1967/10): Hsieh et al. (1971)' 

- 1MP5 (1969/06-1969/09): Hsieh et al. (1971) 

- 1MP7 (1972/09-1972/12): Teegarden et al. (1975) 

- 1MP7 (1972/10-1976/10): Garcia-Munoz et al. (1979)] 

- 1MP7 (1973/05-1973/08): Garcia-Munoz et al. (1 9751] 

- 1MP7&8 (1972/09-1975/09): Garcia-Munoz et al. (1977)| 

- IMP7&8 (1973/02-1977/09): Guzik (1981) 

- 1MP7&8 (1974/01-1980/05): Garcia-Munoz et al. (1981)] 

- IMPS (1974/01-1977/11): Beatty et al. (1985) | 

- IMPS (1974/01-1978/10): Garcia-Mun oz et al. (1987)| 

ISEE 

- ISEE3-H1ST (1978/08-1978/12): Mewaldt et al. (1980b,a, 1981); Mew3dt] 
(1986) 

- 1SEE3-HKH (1978/08-1979/08):| Wiedenbeck & Greiner (1980)| 

- 1SEE3-HKH (1978/08-1980/05): Wiedenbeck & Greiner (1981a,b)' 

- 1SEE3-HKH (1978/08-1981/04): Wiedenbeck (1983); Kiombel & Wi edenbeck] 
(1988); Leske (1993) 

- 1SEE3-MEH (1978/08-1979/02): Evenson et al. (1979)| 

- 1SEE3-MEH (1978/08-1984/04): Kroeger (1986F 

- ISEE3-MEH (1979/02-1980/03): Evenson et al. (1981) 

- ISEE3-MEH (1980/03-1981/03): Even,son et al. (1981) 
ISOMAX (1998/08): Hams et al. (2004) 

JACEE (1979+1980+1982. . . 1990+1994+1995): Asakimori et al. (1998)| 
MASS 

- MASS89 (1989/09): Webber etal. (1991); Golden etal. (1994) 

- MASS91 (1991/09): Hof et al. (1996); Bellotti et al. (1999); Basini (1999); Gri-, 
inani et al. (2002) 

MUBEE (1975/09+1978/08+1986/07+1987/07): ]Zatsepinetal(1993)] 
0G05 

- 0G05 (1968/O4-1968/0S): |Burger & Swanenburg (1974)| 

- 0G05 ( 1 968/04- 1 969/04): T'Heureu x et al. (lWi)| 

- 0G05 (1968/06-1968/10): Fulks (197 5)| 

- 0G05 (1969/06-1969/07): Fulks (1975); Burger & Swanenburg (1974) 

- 0G05 (1970/06-1970/07): Fulks (1975); Burger & Swanenburg (1974) 

- 0G05 (1971/05-1971/08): Fulk s (1975), 

- 0G05 (1971/07-1971/08): Bu rger & Swanenburg (1974)] 

- 0G05 (1972/06): Fulks (1975 )| 

- 0G05 (1972/06-1972/07): Bu rger & Swanenburg (1974)] 
PAMELA 

- PAMELA (2006/07-2008/02): Adrian! et al. (2009a) 

- PAMELA (2006/07-2008/06): Adriani et al. (2009b| 

- PAMELA (2006/07-2008/12): C asolino et al. (201 1); Adriani et al. (2010, 201 la)] 

- PAMELA (2006/07-2010/01): Adriani et al. (201 lb)1 
Pioneer 

- Pioneer8&9 (1967/12-1969/04): Webber et al. (1973b) 

- PioneerlO-HET (1972/03-1973/03): Teegarden et al. (1975)] 

- PioneerlO-HET (1985/04-1988/11): Webber & McDonald 0994)1 
RICH-11 (1997/10): Diehl et al. (2003) 

RUNJOB (1995+1996+I997+1998+I999): Derbi na et al. (2005)] 
SMILI 

- SMlLI-1 (1989/09): Beatty et al. (1993) 

- SMlLl-11 (1991/07): Ahlen et al. (200(1)1 

SOKOL (1984/03-1984/04): Ivanenko et al. (1993)| 
TRACER 

- TRACER03 (2003/12): Ave etal. (200'83 

- TRACER06 (2006/07): Obermeier et al. (20 1 1,2012)1 
Trek-MIR (1991/06-1992/12): Westphal et al. (19OT^ 
TS93 (1993/09): Golden et al. (1996)_ 

Ulysses 

- Ulysses-KET(1990/10-1991/02): [Rastoinetal. (1996)] 

- Ulysses-HET (1990/10-1995/07): Duvernois & Thayer (1996); Duvernois et al. 
(1996b); Connell & Simpson (1997); Duvernois (1997); Thayer (1997) 

- Ulysses-HET (1990/10-1996/12): Simpson* Connell (1998) 

- Ulysse,s-HET (1990/10-1997/12): Connell (1998); Connell et al. (1998) ; Connell] 
(1999) 

- Ulysses-KET (1992/07-1992/10): Rastoin et al. (1996) 

- Ulysses-KET (1993/07-1993/10): Rastoin et al. (1996) 

- Ulysses-KET (1994/07-1994/10): Ras toin et al. (1996l| 
Voyager 

- Voyagerl-HET (1977/10-1977/1 1): Webber & Yushak (1983) ' 

- Voyagerl-HET-Aend (1977/10-1977/11): Webber & Yushak (1983)] 

- Voyagerl-HET (1994/01-1994/09): S ep & McDonald (1995)| 



- Voyagerl-HET (2010/01-2010/03): Caballero-Lopez et al. (2010)] 

- Voyager2-HET (1986/01-1987/12): Feirando et al. (1 991), 

- Voyager2-HET (1987/01-1987/12): Seo et al. (1994)| 

- Voyager2-HET (2010/01-2010/03): Caballero-Lopez et al . (2010)] 

- Voyagerl&2 (1977/01-1991/12): Lukasiak etal. (1994b) 

- Voyagerl&2 (1977/01-1993/12): Lukasiak et al. (1994c); Webber etal. (1996)] 

- Voyagerl&2 (1977/01-1996/12): Lukasiak et al. (19 97b,a); Webber et al. 

- Voyagerl&2 (1977/01-1998/12): Lukasiak (1999) 

- Voyagerl&2 (1986/01-1989/12): Lukasiak et al. (199 4a)l 

- Voyager 1&2-HET (1987/01-1987/12): Webber & Hi gbie (2009)| 
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